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PREFACE 


This report was prepared under PPA HS027, Research and Analysis in 
Automotive Fuel Economy and Related Areas, sponsored by the Technology 
Assessment Division of the National Highway Traffic Safety Administration. 
It presents the results of laboratory testing of the 1977 Chrysler 
318 CID engine to determine fuel economy and emissions over a sufficient 
speed-load range to effectively map the engine. 
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]. INTRODUCTION 


The purpose of the study was to obtain engine performance data for 
estimating fuel economy and emissions for varied engine service and duty. 
This work supports the data base of the VEHSIM (Vehicle Simulator) 
Computer program at the Transportation Systems Center (TSC). 


The data presented in this report are for an 8-cylinder spark ignition 

1977 Chrysler 318 CID engine with a catalytic converter, EGR, manifold 
preheated air inlet system, alternator (driven only, no output) exhaust 

gas aspirator, and fan. The engine as equipped is intended for use in 

a forty-nine state (Federal) vehicle with automatic transmission. The 

test results present steady-state data sufficient to map the engine for 
fuel economy and emissions (carbon monoxide, hydrocarbons, and oxides 

of nitrogen) over the entire operating range of the engine. 


2, ENGINE TEST REPORT 


The engine test set-up included a complete mean tolerance engine 
(SAE definition) coupled to Schenck eddy-current dynamometer capable of 
absorbing 180 horsepower and 250 Ib-ft of torque. The alternator was 
included but not wired into the engine's electrical system. The engine 
was also equipped with a catalytic converter, EGR, fan, manifold 
preheated air inlet system, and exhaust gas aspirator. 

The manufacturer's specifications for the engine are given in Table 1. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Year 1977 

Manufacturer Chrysler 

Displacement 318 CID 

No. Cylinders 8 

Maximum Horsepower 145 BHP @ 4000 RPM 
Maximum Torque 245 lb - ft @ 1600 RPM 
Carburetor 2V 

Bore and Stroke S39 Tins x SaSaniMis 
Compression Ratio 335 


Emissions instrumentation consisted of the following Beckman 
Instruments Corp. instruments. 

CO Model 864 Infrared Analyzer (NDIR) 

C0, Model 864 Infrared Analyzer (NDIR) 

NO/NO, Model 951 Chemiluminescent Detector 

05 Model F3 Paramagnetic Analyzer 

HC Model 402 Flame Ionization Detector 

Prior to testing, the engine break-in consisted of following the 
schedule shown in Table 2. A single batch of unleaded gasoline was used 
for break-in and engine testing. The gasoline specifications are shown 
in Table 3. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


DURATION 
PROGRAM 1: MPH. RPM (MINUTES ) 
20 680 4 
40 1365 4 
60 2050 4 
50 1700 4 
30 1025 4 


(37 Cycles for an Accumulated 500 Miles) 


DURATION 
PROGRAM 2: MPH RPM (MINUTES ) 
40 1365 4 
60 2050 4 
70 2390 4 
60 2050 4 
70 2390 4 
65 2220 4 
55 1875 4 


(36 Cycles for an Accumulated 1500 Miles) 


TABLE 3. FUEL SPECIFICATIONS 


TYPE AMCO INDOLENE 
Specific gravity @ 60°F 0.7416 
Percent Carbon 85.34 
Percent Hydrogen 14.32 


During the steady-state test, the engine was operated at the following 
speed-load modes: 


SPEED-RPM LOADS-TORQUE 

850 

750 

1000 18 

1400 0 

1600 0%, 10%, 20%, 30%, 40%, 55%, 70%, 85%, 100% WOT Torque 
2000 

3000 

4000 


Each test point was duplicated and the following data were recorded 
for each: 


Ambient Pressure, mm Hg 

Ambient Temperature, °F 

Ambient Relative Humidity, % 

Engine Speed, RPM 

Torque, lb-ft. 

Accumulated Fuel, cc (Fluidyne model 1250) 
Ignition Timing, °BTDC 

Manifold Vacuum, inches Hg 


Throttle Angle, degrees 


Oi] Pump Exit Pressure, psi 

Oil Temperature, lp 

Coolant Exit Temperature, We 

Exhaust Temperature Before Catalyst, sie 
Exhaust Pressure Before Catalyst, inches H50 


Emissions Concentrations After Catalyst, dry basis: 


Co, % 
CO, g 
HC, ppm 
NOY ppm 
Exhaust Temperature After Catalyst, aes 


The following equations were used in calculating corrected torque, cor- 
rected horsepower, mass fuel flow rate, corrected brake specific fuel consump- 
tion, air-to-fuel ratio based on emissions, mass emission rates of CO, HC, NO» 
and ambient absolute humidity. 


CORRECTED TORQUE, Tc (1b-#t) ©!) From SAE J245, Spark Ignition Engine 
Rating Code, adjusted to standard SAE ambient conditions: 


dt 
where i 
By = Standard Dry Barometric Pressure (29.00 in Hg, 97.9 kPa) 
Bat = Dry Barometric Pressure at Test Conditions 
ty = Ambient Air Temperature at Test Conditions 
t* = Standard Ambient Temperature (85°F, 29.4°C) 
A = Absolute Temperature Constant (460°R, 273°K) 
Ty = Measured Torque at Test Conditions. 


CORRECTED HORSEPOWER, hoc! !) From SAE J245, Spark Ignition Engine Rating 
Code, adjusted to standard SAE ambient conditions: 


TAN 
Meek a.Ge 
where 
iene Corrected Torque (See Above) 
N = Engine Speed (RPM) 


G = Power Constant (5252 English, 955 SI). 


(T)Engines with manifold preheated air inlet systems are designed to 
control carburetor air inlet temperature to a specific temperature. 
Excursions in ambient temperature below this value do not appreciably 
affect the controlled temperature. The engine performance correction 
factor as described in SAE J245 Engine Rating Code for Spark Ignition 
Engines has therefore been updated as follows: If ambient temperature 
is less than or equal to the manufacturer's stated controlled 
temperatures, no correction component involving carburetor inlet 
temperature is made. If ambient temperature exceeds the targeted 
controlled temperature, the normal J245 correction factor is applied 
with the targeted controlled temperature used in place of the 
standard ambient temperature. 


MASS FUEL FLOW RATE (1b/hr) From volumetric measurement (corrected to 60°F per 
ASTM petroleum tables) and fuel specific gravity: - 


bi (sp6) (19-29) (vol), 
A ty 
where 
Me = Fuel Flow Rate 1b/hr 
(SpG) = Specific Gravity of Fuel 
(1b H,0/vol) = Pounds of Water per Unit Volume 
(vol) = Volume of Fuel Measured, corrected to 
60°F per ASTM petroleum tables 
A ty = Time Interval of Volume Measurement (hrs). 
CORRECTED BRAKE SPECIFIC FUEL CONSUMPTION (BSFC) (1b/HP-Hr) 
ae 
BSFC. HP. 
where BSFC. = Corrected Brake Specific Fuel Consumption 
HP. = Corrected Horsepower 
mf - Mass Fuel Flow Rate (lb/hr). 


AIR/FUEL RATIO (A/F) Based on emissions measurements from SPINDT, SAE #650507: 


: nae) 120(1-FC) 
A/F FY 11.492 Re ( TAR + > 5uR 
where 
p = #0 _ Percent CO Concentration 
% CO. Percent CO, Concentration 
Re = Mass Fraction of Carbon in Fuel 
% One C0. 
F = 


b — & CO + % CO, + % CH 
% 05 Percent 0, Concentration 


Oa % CO. ~ Percent CO, Concentration 


CARBON MONOXIDE (CO) MASS EMISSION RATE (Grams/Hr) 
? ] 


MASS CO = (4.383) (fig) (A/F+1)(8CO) | —————_——aenaay, 


1 + 0.03148 (% C0,) geqsaqc0, 


where 
Me = Mass Fuel Flow Rate 
A/F = Air to Fuel Ratio 
% CO = Percent CO Concentration 
% C0, = Percent C0, Concentration . 


HYDROCARBON (HC) MASS EMISSION RATE. (Grams/Hr) 


Mass HC = (0.0002207) (me) (A/F+1) (ppm HC) 
where 
Me = Mass Fuel Flow Rate 
A/F = Air to Fuel Ratio 
ppm HC = Parts per Million of HC Concentration. 


OXIDES OF NITROGEN (NO) MASS EMISSIONS RATE (Gram/Hr) 
Mass NO, = 0.007201 (me) (A/F+1) (ppm NO, ) 


*~CO+%C0., 
1 + .03148 (% C0.) (zs) 
where 
Me = Mass Fuel Flow Rate 
A/F = Air to Fuel Ration 
ppm NO, = Parts per Million NO Concentration 
% CO = Percent CO Concentration 


% C0. = Percent CO. Concentration 
K 


r Humidity Correction Factor 


HUMIDITY CORRECTION FACTOR 
1 
Ki. = 7.0047 (Absolute Humidity -75) 


where absolute humidity is in grams/pound of dry air. 


ABSOLUTE HUMIDITY (AH) (Grains/Lh Dry Air): 


se (RH) Poy 
1.608 PAMB - RH - Poy) 
where 
RH = Measured Relative Humidity 
Poy = Saturated Vapor Pressure (from Keenan and Keyes 
Steam Tables) 
PAMB = Ambient Barometric Pressure. 


7 


3, DISCUSSION OF TEST RESULTS 


Appendixes A and B summarize engine map data in tabular and graphical 
form, respectivley. Each test point is repeated once. Fuel consumption, 
hydrocarbon mass rates, and oxides of nitrogen mass rates demonstrated ex- 
cellent repeatability. Air-to-fuel rates, however, were not very repeatable 
below 1600 RPM. 


APPENDIX A TABULAR SUMMARY OF ENGINE MAP DATA 
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